In patients with chronic hepatitis B virus (HBV) infection, the immune cells are dysfunctional, and the immune function cannot work normally. T-cell immunoglobulin mucin-3 (Tim-3) and programmed death receptor-1 (PD-1) are overexpressed on the surface of immune cells, such as cluster of differentiation (CD)4 + , CD8
Introduction
Chronic infection with the hepatitis B virus (HBV) is prevalent worldwide. According to the World Health Organization (WHO), approximately 2 billion people in the world have been infected with HBV, and 240 million of these patients have chronic HBV infection [1] . A total of 650,000 deaths occur annually from the complications caused by chronic HBV infection; these complications include liver failure, cirrhosis, and hepatocellular carcinoma [2] . HBV is the pathogen of chronic hepatitis B (CHB) and affects the development of the disease by inducing a series of immune responses within the infected organism. These immune responses are mediated by dendritic cells, natural killer (NK) cells, monocytes/macrophages, cluster of differentiation (CD)8 + T-lymphocytes, CD4 + T-lymphocytes, and other immune cells that play an important role in chronic HBV infection. Some studies have shown that in CHB patients, these immune cells have different degrees of dysfunction, but the mechanism underlying this phenomenon is poorly understood [3] [4] [5] [6] . The expression of some immune molecules in these immune cells has recently become a research hot spot. The overexpression of T-cell immunoglobulin mucin-3 (Tim-3) and programmed death receptor-1 (PD-1) in immune cells, such as CD4 + T-lymphocytes, CD8 + T-lymphocytes, and NK cells, is closely related to chronic HBV infection. In this paper, the immunomodulatory effects of these immune molecules on chronic HBV infection are reviewed.
domain. Eight Tim genes encode four proteins, namely, Tim-1, Tim-2, Tim-3, and Tim-4 in mice, whereas only Tim-1, Tim-3, and Tim-4 [7] are encoded in humans. All Tim family members are type I transmembrane glycoproteins that are found on the cell surface and include a signal sequence, the N-terminal immunoglobulin domain, the mucin domain, a transmembrane region, and an intracellular region containing tyrosine phosphorylation motif [8] . The signaling pathway composed of Tim-3 and its ligand galactoagglutinin-9 (Gal-9) plays an important role in tumorigenesis and development of chronic viral infection. Preliminary studies on the immunosuppressive effect of Tim-3 in chronic viral infections show that when the expression of Tim-3 in the peripheral blood T-lymphocytes of hepatitis C virus (HCV)-infected people is higher than that of healthy people, the proliferation and secretion functions of CD4 + and CD8 + T-lymphocytes are partly restored when the Tim-3 signaling pathway is blocked [9] . In addition, the expression of Tim-3 on NK cells and T-lymphocytes in the peripheral blood increases when the person is infected with human immunodeficiency virus (HIV). After high-efficiency antiretroviral therapy, the expression levels of Tim-3 decrease in some immuneresponsive patients [10] . However, in tumor immunity, the expression of Tim-3 is significantly enhanced and even associated with the prognosis of the disease [11] [12] [13] . These results suggest that the expression of Tim-3 is related to tumorigenesis and development of chronic viral infection.
Tim-3 and chronic HBV infection
Tim-3 plays a negative immunomodulatory role in chronic HBV infection. Rong et al. [14] found that the expression of Tim-3 on the surface of peripheral blood mononuclear cells and NK T-cells (NKT cells) in CHB patients is significantly higher than that in healthy persons; this phenomenon is evident in patients with CHB and acute-on-chronic liver failure. The findings of Ju et al. [15] are similar to those of Yong et al. In addition, the expression levels of Tim-3 on NK cells and CD8 + T-lymphocytes in the liver are also significantly upregulated, as confirmed by the study group using HBV-transfected NK92 cell lines and HBV transgenic mouse models. On this basis, Tim-3 antibody is used to block the Tim-3/Gal-9 signaling pathway. The cytotoxicity of NK cells is enhanced, and their secretion of interferon (IFN)-γ is also increased. Wu et al. [16] showed that compared with that in healthy persons, the expression of Tim-3 on CD4 + T-lymphocytes and CD8 + T-lymphocytes in the peripheral blood of patients with CHB and acute hepatitis B (AHB) is significantly increased and positively correlated with the severity of their disease. Further follow-up shows that after antiviral therapy, the condition of CHB patients enters the remission stage, whereas that of AHB patients enters the recovery stage. Tim-3 expression on CD4 + T-lymphocytes and CD8 + T-lymphocytes in the peripheral blood decreases significantly. These results indicate that the overexpression of Tim-3 is related to the occurrence and development of CHB and may be related to the prognosis of this disease. In addition, in vitro experiments confirm that the abilities of CD8 + T-lymphocytes to proliferate and secrete antiviral cytokines in response to HBV antigen stimulation are significantly enhanced when the Tim-3 signaling pathway is blocked; these lymphocytes are derived from the peripheral blood of patients with CHB [17] . The findings of Nebbia et al. [18] also verified this conclusion. CHB is a familial aggregated infectious disease. Liao et al. [19] found that Tim-3 gene polymorphism is associated with the development of the disease after HBV infection. They speculated that a particular single-nucleotide polymorphism can progress into hepatocellular carcinoma or achieve hepatitis B surface antigen (HBsAg) serological conversion.
3 Role of PD-1
Overview
PD-1 is a type I transmembrane protein that is encoded by the Pdcd1 gene on chromosome 2, which is composed of 288 amino acids and expressed on activated T-lymphocytes as a receptor [20] . PD-1 was originally obtained from an apoptotic murine T-lymphocyte hybridoma through subtractive hybridization, and it is the first surface marker that can be used to identify impaired lymphocyte function. PD-1 belongs to the B7/CD28 superfamily and has two ligands, namely, PD-L1 and PD-L2. PD-L1, also known as B7-H1 or CD274, is a type I transmembrane protein encoded by the Cd274 gene of human chromosome 9, which is composed of 290 amino acids and expressed on antigen-presenting cells as well as tumor cells. PD-L1 plays an immunosuppressive effect when combined with PD-1 [21] . PD-L2, also known as B7-DC or CD273, can be expressed on dendritic cells and macrophages [22] and can inhibit T-lymphocyte activation [23] . The immunomodulatory effect of PD-1 in chronic viral infection was first found in the mouse lymphocytic choriomeningitis virus infection model. PD-1 was found to be highly expressed in the depleted CD8 + T-lymphocytes of the chronically infected mice. However, this phenomenon was not observed in the CD8 + T-lymphocytes with memory function in mice after virus elimination [24] . In addition, blocking the PD-1/PD-L1 signaling pathway in mice during in vivo experiments can increase the number of virus-specific CD8 + T-lymphocytes, enhance the cellular functions, and even interfere with virus replication [24] . By studying other chronic viral infections such as HIV infection, Zhang et al. [25] found that patients with disease progression have higher PD-1 expression in peripheral blood CD8 + T-lymphocytes and weaker cell function than those without disease progression. When the PD-1 signaling pathway is blocked, the ability of CD8 + T-lymphocytes to secrete IFN-γ is partially restored, which is associated with HIV susceptibility [26] . In chronic HCV infection, the expression of PD-1 in T-lymphocytes is associated with its antiviral efficacy [27] . PD-1 plays an important role in chronic viral infection and tumor immunity. High expression of PD-L1 can be detected in breast cancer, ovarian cancer, lung cancer, and other tumor tissues. In vivo and in vitro experiments also confirmed that PD-L1-transfected cells show weak antitumor invasion ability [28] . Recent clinical trials by some research institutions have predicted the potential value of anti-PD-1 drugs in tumor immunotherapy [29, 30] .
PD-1 and chronic HBV infection
Related literature shows that in chronic infections with viruses such as HIV [25, 31, 32] and HCV [33, 34] , the PD-1 signaling pathway plays an important immunomodulatory role in inhibiting the function of virus-specific CD8 + T-lymphocytes. However, the immunomodulatory effect of PD-1 on chronic HBV infection remains unknown. Peng et al. [35] found that the PD-1 expression in HBV-specific CD8 + T-lymphocytes is significantly higher in CHB patients than in AHB patients and healthy persons, in addition to being positively correlated with HBV-DNA virus load in the serum. Germanidis et al. [36] recruited 53 CHB patients negative for the hepatitis B e antigen (HBeAg) (including 30 patients in the active phase of the disease and 23 patients with complete remission after long-term antiviral treatment) in their study, and the results show that the expression levels of forkhead transcription factor P3, PD-1, and PD-L1 in the liver tissues are significantly lower during remission than during the active stage. This finding indicated that PD-1 might be related to the prognosis of CHB. Another study found that in different stages of chronic HBV infection (immune tolerance, immune clearance, and virus carrier), PD-1 expression in CD4 + T-lymphocytes in the peripheral blood is higher than that in healthy persons. In addition, the increased PD-1 expression is induced by hepatitis B core antigen (HBcAg) through the C-jun N-terminal kinase (JNK), extracellular signal-regulated kinase (ERK), and phosphatidylinositol 3-kinase/protein kinase B (PI3K/AKT) signaling pathways [37] . Tzeng et al. [38] constructed an HBV-infected model mouse and found that the expression of PD-1 increases in the HBV-infected mouse with hepatic infiltrating lymphocytes, and that the HBV infection rate decreases when PD-1 is blocked. Raziorrouh et al. [39] cultured mononuclear cells from the peripheral blood of CHB patients in vitro and blocked the PD-1 signaling pathway. They found that the proliferative capacity of CD4 + T-lymphocytes in the mononuclear cells from the above sources is reactivated, and its secretion of T helper 1 (Th 1 )-type cytokines, such as IFN-γ and tumor necrosis factor (TNF)-α, also increases accordingly. Although the degree of upregulation of PD-1 expression in the peripheral blood or tissue cells of CHB patients varies in individuals and is related to the disease conditions, Ülger et al. [40] revealed, by using polymerase chain reaction-restriction fragment length polymorphism analysis, that PD-1 expression is not associated with PD-1 gene polymorphism. This finding is different from those of Li et al. [41] , and the specific mechanism of upregulation of PD-1 expression needs further exploration.
Tim-3, PD-1, and chronic infection
During chronic viral infection, including HBV infection, Tim-3 and PD-1 play a negative role in regulating the immune response. As immune molecules, these two might have a possible connection. Keir et al. [20] , Sharpe et al. [22] , and Crawford and Wherry [42] have suggested that blocking the PD-1/PD-L1 signaling pathway cannot fully restore the function of the "failed" T-lymphocytes. Other regulatory molecules play a negative role in regulating the function of T-lymphocytes. To confirm whether or not Tim-3 and PD-1 are coexpressed in CD8 + T-lymphocytes during chronic viral infection, Jin et al. [43] studied the expression levels of Tim-3 and PD-1 on virus-specific CD8 + T-lymphocytes in acute and chronic lymphocytic choroid plexus viral meningitis infection. They found that the levels in chronic infection are significantly higher than those in acute infection, and that the virus-specific CD8 + T-lymphocytes that coexpress Tim-3 and PD-1 show serious "functional failure". In virus-infected mice, simultaneously blocking the Tim-3 and PD-1 signaling pathways can significantly improve the immune response of CD8 + T-lymphocytes and effectively control the virus; this process is more efficient than blocking either Tim-3 or PD-1 signaling pathway alone. Li et al. [41] determined Tim-3 and PD-1 gene polymorphisms in 845 chronic HBV-infected patients, 141 infected with HBV and self-recovered individuals, and 318 healthy persons through PCR. They found differences in the PD1 +8669 G/A and Tim3 -1516 G/T polymorphisms among the three groups. These sites are closely related to HBV-induced liver cirrhosis and liver cancer. These findings suggest that the expression levels of both PD-1 and Tim-3 increase in chronic HBV infection. Compared with those in healthy persons, the expression levels of Tim-3 and PD-1 on peripheral blood CD8 + T-lymphocytes are higher in HBV-induced CHB and acute-on-chronic liver failure patients, especially those with acute-on-chronic liver failure [43] . Nebbia et al. [18] have verified that blocking the Tim-3/Gal-9 pathway based on the blocking of the PD-1 pathway in chronic HBV infection may play a complementary role in enhancing the immune response of HBV-specific T-lymphocytes. This finding suggests that these two pathways play a synergistic role in immunosuppression.
Conclusion
Tim-3 and PD-1 have immunosuppressive effects on chronic viral infection and play an important immunomodulatory effect on other chronic diseases, such as tumors and autoimmune diseases. To date, many studies have been conducted on the immunomodulatory effects of Tim-3 and PD-1 on chronic HBV infection. The overexpression of these two kinds of immune molecules affects the immune activity of immune cells and weakens their ability to clear the virus. Researchers should actively explore the targeted intervention of Tim-3 and PD-1 signaling pathways in chronic HBV infection, develop new drugs, and provide help for the clinical treatment of CHB.
